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Absolute Isotopic Abundance of Terrestrial Silver”

William R. Shields, Ermnest L, Garner, and Vernon H. Dibeler
{September 28, 1961)

Isstople sbundance ratios are reported for 3 coramercial ailver nitrete 13 samples of
native silver, and 11 silver minerals of various compositiohs and from wiciely diztributed
deposits.  Collateral messuremants of known mixtures of nearly pure zilver isctopes permit
the determination of abeolute sbundance ratios. Native silvér Irom Cobalt, Ontario,
previously reported as exhibiting statistlcally significant variation, # re-ctamined. Addi-
tionel measuremenis are reported for samples from the same nugget ahd from the same
region. Except for the orlginal obeervation, no gignificant varistion from normsal abundance
is chserved for any of the samples. The Ag!™fAgH retio ohiained from pm]mg thg data
is 1.07397 with a 55 poreent confidence limit of L0005G for the effect of random errors
and a totel uncertainty of +0.00135 when an allowenee for the poesible effects of kuown

sources of aystematic error is Ineluded.

1. Intreduction

In a recent determination of the absclute isotopic
sbundance ratio of silver, Shields, Craig, and I}ibe-
ler [1]! carefully mensured the Ag'%fAg!™ ratio for
several samples of native zilver. They Teported a
atatistically significant variation in the ratio for one
sample from Cobalt, Ontario compared with six
sumples from other localities. Previous investiga-
tions of a pessible variation in the isotope ratio of
natural silver have been limited to processed bulk
silver [2] or to a very faw mineral samplea. Hess,
Marshall, and Urey [3] have reported no variation
among four samples of terrestrial silver and ome
sample of Toluca Troilite. However, their limit for
detection of variation was about 2 percent of the
isotope ratio.  Murthy [4] has recently made a more
precise comparison of Toluea Troilite with com-
mercia] gilver nitrate and finds shout & 2 percent
enrichment of Ag'” in the trodlite, A the apparent
variation reported for Cobalt silver is only a fraction
of this amount, & careful re-examination has been
made of native silver samples, including some from
the Cobalt aren. In addition, measurements have
heonn made on & number of silver mincrals from
widely scattered deposits to provide a broader basis
for cstablishing a lmit to the natural variation in
the izotope abundance of terreatrial ailver.

2. Experimental Procedure

The mass spectrometer used in this research is a
12-in. radivs-of-curvatura, 83° deflection with 60°
magnet, single foeusing, surfecs emission instrument,
The triple filament source uzes all rhenium ribbone
130 mils. The usual technit}uas ware employed
for preparing sample filamenta for surface emission
using of the order of 100 zg of sample. No exira-
necus material was required or used o produce sat-
isfactory emission charactoristics for Ag'P jona,
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Ion currents were messured with a vibrating reed
alectrometer, Isotope ratios ware measured both b
comparizon of the fg'“ and Ag"™ lon currents col-
lected alternately on the Faraday collector and by &
ratio-record method wvsing an expanded scale re-
cordor.?

All ratio measurements of the galibration mixtures
and the comrmereial and ngturel semples were ob-
tained under standardized conditione of essentially
constant sample size and nominal ion currents of
1 107" amp. The Iatter was contrelled by adjust-
ment of the filamcat temperatures. Observations
wera made on & strict time schedule as Mustrated in
figure 1. The plot represenis a typical sat of uncor-
rected dats for eight analyses of a commercial silver
nitrate. Kach snalysia consista of three ratios ob-
gerved at 10-min intervyls starting 20 min after fla-
ments sre turned on. Curve A represents the set of
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data with the highest observed Ag/Ag® rutios
curve B represents the lowest ratios, and curva
represents the average ratiog of all sight analyses.
A wariation in abundance ratio with time is observed.
Mapea spactra, were obtained by varying the magnetic
fiald by means of & reversible motor-driven control
Helipot. )

Except as otherwize indicated, the natural silver
samples were obtained from collections of the TS,
National Museum, Smithsonian Institution through
the courtesy of Pauvl E. Desautels and selecied by
Thomas W. Stern of the U.8. Geological Survey.
Dataila of the preparation and mensurement of the
native silver samples and of the calibration mixtures
of nearly pure isotopes are given by Shields, et al,,
{1]. The minera] earnplea were prepared for analy-
ais by Rolf A, Panlson uzing wali-kuown procedures
and taking ecare to praveni contamination or seps-
ration of 1sotopes during the solution process, EJD
effort was made to purily mineral samples to betier
than Egg)ement silver. Native silver samples were
oot purified

3. Resulis and Discussion

Tables I, 2, and 3 summarize the data for the
various silver samples examined in this study. Col-
umn 1 gives the U.S. National Musevm catalog
number, when applicable. Colvmne 2 and 3 identify
the ore and lecality, respectively. Column 4 liats
the absolute Ag"fAg™® rgtios and column &5 gives
the $5 percent confidence limit for the effect of ran-
dom errorz in the analytical procadure. The data
for silver nitrate raference obtained with ench grouvp
of samples i given in each table.

The native silver samples of table 1 were analyzed
by mass scanning. Each sample was analyzed foar
times with eightean ratio peirs taken within each
snalysis. The mineral silver samples in table 3 were
analyzed with & ratic recording measuring circuit.
Each pample was analyzed twice with three ratics
obaerved at 10 min intervals for each sampla. Co-
halt samples (13, (2}, and (3) of table 2 were analyzed
with the ratio T ing messvring circuit and alt
other samples were analyzed by mass scanning.

Tke high valua for the cobalt (1} sampla {rt,fble 2%
muat remain unreconciled. The nugget from which
this gample was cut 2 part of & private collection
donated to the National Museum and some uncer-
tainty must be attributed to its origin, However,
the isgtope retio of the two samples subsequen
obtained from the eame nugget are in accord with
other silver zawples. Thus, the average of these
three samyples (1.0764) is taken ag the value repre-
sentative of the silver from this area.

Ii ie apparent that the observed differences amon
al} samples are less than expected on the basis u%
random errots associnted with the messurements,
Therefora, sll sarmples must be regarded as having
the same 120tope abundance ratio within these limite
(0.2 percent of the ratio). Nevertheless, it is inter-
esting to note that in general the isotope abundance
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ratios for natural eilver zamples are lower than that
of the commereisl eilver nitrata. Thia iz presentl
attributed to the lower silver purity in the nat
eamples compared with the chemically pure silver
nifrate from the commereial and calibration saamples.



It has been chsetved consistently that the Ag'@ Ag®
ratio Tor o given sample regardless of origin was low
if any difficulty was experienced in obtaining the
standardized intensity level forthe Ag¥ion current or
otherwise required higher-than-normal filament
temperatures,

e proper means of obtaining the “hest estimate”
of the Ag!¥{Ag"™ ratio is not ohvicus, However, the
total number of measurernentz of the commercial
gilver nitrate, lot 90138, greatly excesds all other
samples. Furthermore, this material is isotopically
indistinguishable from the other ssmples. If all the
mfermation observed to date for the commetcial sil-
ver nitrate i8 pooled, the inbiasad estimate of Ag'%;
Ap®=1.07597. The 95 percent confidence limit for
the effect of random errors on this eombined value is
4+ 0.00058. 'This limit of error plus a limit for possi-

ble systematic error gives the overall limit for the
Egﬁg?;'ﬂ 1™ patio of £0.00135. The value for the
ratio does net differ significantly from that previonsl

reported by Shields ot al, but can be stated wik

& emaller uncertainty.
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